Abstract-Arundo donax (commonly called Giant Reed) is a perennial rhizomatous grass native to Asia, nowadays diffused all over the world. Due to its high biomass production and great adaptability to marginal land, interest in this species is increasing. In fact A. donax could represent an important and promising energy crop for heat and bioethanol second generation production. The propagation of A. donax is strictly agamic by rhizome fragmentation and cane node germination, strongly limiting the possibility of genetic improvement by breeding. The sterility could be caused by the fact that A. donax is a hybrid with uneven ploidy or a triploid species. It is difficult to propose an explanation for its sterility, because the chromosome number of A. donax is still a matter of debate, due to the high number and small size of the chromosomes; in the bibliography dif ferent counts ranging from 40 to 110 are reported. With the aim of establishing the chromosome number of A. donax we selected and counted 17 metaphase plates prepared from root tips obtained by hydroponic culti vation of cane nodes; our counts showed that A. donax most probably has 110 chromosomes. Our results sug gested us two possible hypotheses, also based on SSR molecular marker results, concerning the evolutionary processes involved in the origins of A. donax.
INTRODUCTION
A. donax (Poaceae: Arundinoideae) is a perennial rhizomatous plant growing spontaneously all over the world as an invasive plant reaching more than 8 m in height [1] [2] [3] . It is a sterile plant which reproduces itself only agamically, through rhizomes and cane frag ments which are transported by water or through human action [4, 5] and as such, genetic variability found among A. donax clones is small [6, 7] . In the past it was used industrially for the production of musical instruments, textile fibers and cellulose [1] . On a domestic scale, it is still used to make reeds for wind instruments, fences, baskets, mats, fishing canes and as stakes to support vines and other horticultural plants [1] . A. donax is considered one of the most promising energy crops, as it is characterised by high energy balance [8] . In fact, great quantities of biomass are produced with minimum input needed during cul tivation [9] : the growth, starting from rhizomes in the early spring (Fig. 1a) , produces several canes (Fig. 1b) and continues until autumn when after flowering the plant dries, turning yellow (Fig. 1c) . In fact different authors reported a yield of about 40 tonnes of dry matter ha -1 in the Lower Po Valley and Central Italy [8] . Moreover, it is 1 The article is published in the original.
highly suitable for marshy marginal lands, not competing with food crops. However A. donax also represents a big problem in many areas where it has become invasive: after being planted in riparian zones, with the aim to control erosion (e.g. Florida, California, Southern Europe), it invaded all the habitat, overwhelming the native plants [10] . Furthermore even if it produced a big yield in plot experiments, the cultivation of A. donax at a full field scale is still a problem because of the very expensive (about one Euro per plant) costs of rhizome transplantation [11] . Regarding the origin of A. donax, this is still an open ques tion due to its sterility and the uncertainty concerning the chromosome number. However data obtained in the work [7] indicated a monophyletic origin of A. donax which supported the suggestion of the origin in Asia and a later spread into the Mediterranean area and rest of the world. In this work we propose a chromosome number for A. donax and a couple of hypotheses regarding its ori gin, involving two closely related species, A. plinii and Phragmites australis. 
MATERIALS AND METHODS

Plant
Hydroponic Cultivation
With the aim to obtain root tips (fresh meristem tis sue rich in metaphase plates) we used hydroponic culti vation starting from cane nodes. Samples of flowering canes were cut into smaller fragments containing 1 node (about 10 cm long) and put into a box (26 × 20 × 40 cm) filled with tap water, at a density of about 1 node per 300 cm 3 . After 2-3 weeks, each node generated one shoot which started to root after 2-3 weeks at 25°C.
Slide Preparation
We used 5 root apices (0.5-1 cm length), obtained from thicker roots, to prepare each slide. The apices were incubated in hydroxyquinoline 0.002 M for 5 hours; then they were washed with a citrate solution at 4°C for 15 min. Afterwards, the apices were treated at 37°C for 7 h with cellulase (0.57 g/10 mL, C1184 5KU, "Sigma", United States) and pectinase (1.82 g/10 mL, 178389 10G, "Sigma", United States) dissolved in the citrate solution. The apices were washed with the citrate solu tion for 3 min at room temperature, then with distilled water for 15 min. Finally, the apices were crumbled in some drops of acetic acid 60% using a Pasteur pipette ANALYSIS OF CHROMOSOME NUMBER AND SPECULATIONS 239
and spread onto a slide pre heated at 52°C. After dry ing, the slides were dipped for 15-20 min in Giemsa staining solution (40 mL 9.08 g/L of KH 2 PO 4 : 60 mL 11.88 g/L of NaH 2 PO 4 : 3 mL of Giemsa) and subse quently in distilled water for 10 min. After the com plete drying of the slides they were mounted perma nently using Euparal and a cover slip.
Metaphase Plates Observation Slides were observed using a Zeiss Axiophot D1 microscope at 1000× magnification. Images were recorded with an Axiocam MRc5 camera ("Zeiss", Germany) using the Axiovision program (ver. 4.1). 
DNA Extraction and SSR Analysis
A piece of leaf of each clone was used for DNA extraction [12]. The clones used for the molecular analysis were: lane 1 ad18 clone (Scaldasole
RESULTS AND DISCUSSION
So far the chromosome number of A. donax has not been accurately determined because of the small size and high number of chromosomes of this species, in fact several authors reported different chromosome number for A. donax. Christopher [13] reported 108 chromo somes, Pizzolongo [14] observed 110 chromosomes, ear lier Hunter [15] encountered the same number whilst Avdulov [16] observed 100 chromosomes, Vittoria [17] reported three different counts on metaphase plates: 24, 48 and 96, and recently Mariani et al. [7] reported a number of 40 chromosomes (in this case these data were reported as unpublished observations). Thus, so far, the chromosome number, the origin and the cause of A. donax sterility are still open questions. In this work light microscopy analysis of metaphase plates was used to ascertain the correct chromosome num bers of A. donax diffused in Italy. We used hydroponic cultivation of cane nodes (Fig. 1d) with the aim of obtaining root tips, rich in fresh meristem tissues, to be used to produce metaphase plates. In the slides pre pared, as described in Material and Methods, we found 17 metaphase plates where a chromosome count was achievable. In 14 plates we counted 110 chromosomes (Figs. 1e, 1f in one 118, in one 116 and in another 115. The average number was 111.11, the mode and median were 110:
Metaphase plate counts obtained from root tips
Thus our results indicated most probably a chro mosome number of 110, in accord with Pizzolongo [14, 15] . The three metaphase plates showing the higher chromosome numbers (respectively 115, 116 and 118) could be due to the hydroxyquinoline treat ment of the root apices. Hence assuming that A. donax carries 110 chromosomes we can formulate a couple of hypotheses concerning the origin of this species. A. plinii, 2n = 72 chromosomes with x = 12 [14] is a fertile species very similar to A. donax: we can conjec ture that it underwent a chromosome doubling form ing a fertile or partially fertile tetraploid individual (144 chromosomes) that crossed with the diploid (2n = 72 chromosomes) produced a sterile triploid (108 chromosomes) and by the acquisition of 2 chro mosomes (aneuploid) formed the new species A. donax with 110 chromosomes (Fig. 2a) . Alternatively we can hypothesize that the tetraploid crossed with Phrag mites australis (96 chromosomes), another species similar to A. plinii, producing a sterile hybrid (allopoly ploid) with 120 chromosomes that lost 10 chromosomes (aneuploid) to create A. donax (Fig. 2b) . In both cases a sterile plant is obtained due to the uneven ploidy: in the first case the product is a triploid plant that acquired two chromosomes and in the second case an allo polyploid species that lost 10 chromosomes. These changes in chromosome number have been well demonstrated in P. australis, where both euploids and aneuploids have been found: in this species different euploid numbers, between 3x and 12x, with x = 12, have been found: the predominant types in Europe are tetraploids while in Asia the octoploids with 96 chro mosomes are more diffused [18] which agrees with the fact that the Arundo genus is supposed to have origi nated in East Asia [3, 7] . It is not surprising that this genetic plasticity in aquatic plants may occur, with a preponderantly vegetative reproducing system based on the fragmentation of parts of plants (rhizomes and canes): this reproductive system increases the proba bility of accumulating chromosomal mutations which are not filtered by the process of meiosis. To support the hypothesis of the involvement of a fertile tetraploid plant as one parent of A. donax we used a maize SSR molecular marker (umc1221), selected out of 48 SSRs tested (data not shown), that was able to point out the alleles carried by the different A. donax clones col lected in the Italian territory. As shown in Fig. 3 
